Object. The presence of a "July effect," where the influx of new residents and fellows at teaching hospitals every July may negatively affect patient care and outcomes, is widely debated. The authors used the Nationwide Inpatient Sample (NIS) to identify all cases of spinal surgery and examine outcomes among patients who underwent surgery in July compared with those who underwent surgery in other months.
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E vEry July there is an influx of new residents and fellows at teaching hospitals at the start of the academic year. This change in hospital staff has been postulated as a potential source of error that may result in worse patient outcomes in July, also known as the "July effect." However, the results of previous July effect studies have varied, with some studies showing that patients who are admitted in July have outcomes similar to patients presenting in other months 1, 3, 4, 6, 8, [11] [12] [13] [14] 20, [24] [25] [26] and other studies showing worse outcomes in July admissions. 9, 16, 18, 23 A recent systematic review of 39 July effect studies suggested the presence of a July effect but, overall, was inconclusive.
27 Additional studies are therefore needed to determine whether patients are at an increased, significant risk of poor outcome in teaching hospitals during these transition months.
Dasenbrock et al. 9 recently reported that patients with spinal metastatic disease who underwent spinal surgery had higher rates of in-hospital mortality and intraoperative complications in teaching hospitals in July than in other months. However, it is unknown if this pattern is present for all patients undergoing spinal surgery. To examine the potential presence of a July effect in spinal surgery patients, we used the US NIS database from 2001 to 2008 to determine the rate of complications following spinal surgery and to determine whether admission month and hospital teaching status affected these rates.
Methods

Data Acquisition
All spinal surgery hospitalizations were identified from the 2001-2008 NIS hospital discharge database (Healthcare Cost and Utilization Project of the Agency for Healthcare Research and Quality, Rockville, Maryland; www.hcup-us.ahrq.gov/databases.jsp). The NIS is the largest all-payer inpatient database in the US that analyzes national trends in health care utilization outcomes. The data are extracted from a large stratified sample of community hospitals in the US and account for approximately 20% of annual hospitalizations.
International Classification of Diseases, 9th Revision Clinical Modification diagnostic codes were used to identify all cases of spinal surgery associated with a decompression, discectomy, spinal fusion, or laminectomy as previously described (ICD-9 procedural codes 03. were extracted from the NIS data set. The NIS defined teaching hospitals as those that have an American Medical Association-approved residency program, are a member of the Council of Teaching Hospitals, or have a ratio of full-time equivalent interns and residents to beds of 0.25 or higher. Hospitalizations were divided into July admissions and admissions in other months.
Several patient subgroups were created for additional analyses. First, the Charlson comorbidity score was calculated for each patient from relevant ICD-9 diagnostic codes using the Deyo index.
10 A subset of patients with Charlson scores of 2 or higher was created to represent sicker patients with more complications, who might have an increased likelihood of errors in clinical care or might be more affected by such errors. This cutoff was based on a previous report showing that patients with elevated Charlson scores had a higher incidence of mortality following spinal metastasis surgery.
2 Second, patients were divided into those undergoing simple spinal procedures (discectomy, with or without decompression, or decompression alone) or complex spinal procedures (spinal fusion with or without spinal decompression) to specifically examine those procedures. Third, a subgroup of patients was created that consisted exclusively of elective admissions. The complete spinal surgery population and these various patient subsets were analyzed separately as described below.
In-hospital mortality, discharge disposition, and postoperative complication were the primary outcomes for this study. Postoperative complications were identified using ICD-9 diagnostic codes for surgical site infection (998.5x); infection and inflammatory reaction due to an internal prosthetic device, implant, or graft (996.63, 996.67); or dehiscence of operative wound (998.3x) as previously described. 15 Data regarding the length of stay and total hospitalization charges were also retrieved. Outcomes were compared both between July admissions and admissions in other months and, separately, between July admissions and June admissions alone.
Statistical Analysis
Data were extracted from the NIS using SAS software (version 9.2, SAS, Inc.) and were analyzed using JMP (version 9, SAS, Inc.). Continuous data (age, number of diagnoses, Charlson score, total discharge volume, length of stay, and total charges) are presented as medians and interquartile ranges and are compared using the Wilcoxon nonparametric signed-rank test. Categorical data (sex; race; admission type; hospital bedsize, ownership, and location; in-hospital mortality; discharge status; and postoperative complication) are presented as relative frequencies and were compared using the Fisher exact test. Two-tailed tests were used, and statistical significance was defined as p < 0.05.
Odds ratios of in-hospital mortality, discharge to long-term care facility, and postoperative complications were calculated using multivariate logistic regression analysis after adjusting for differences in patient and hospitalization characteristics that were significantly different between July admissions and other month admissions for teaching and nonteaching hospitals.
Results
Patient, Hospitalization, and Hospital Characteristics
Among 57,663,486 hospitalizations between 2001 and 2008 in the NIS, 968,086 cases of spinal surgery were reported, representing 1.7% of hospital admissions. Of these procedures, 528,057 (55%) occurred at teaching hospitals and 440,029 (45%) occurred at nonteaching facilities. Patient, hospitalization, and hospital characteristics of teaching and nonteaching hospitals are shown in Table 1 . Minor but statistically significant differences between teaching and nonteaching hospitals were observed in all variables because of the large sample size of the study. Patients presenting to teaching hospitals were less likely to be routinely admitted than patients presenting to nonteaching hospitals (82% vs 85%, p < 0.0001). Teaching hospitals had significantly higher total discharge volumes (median 24,495 vs 13,859, p < 0.0001), were more likely to be government controlled (98% vs 33%, p < 0.0001), and were more likely to be in urban locations (97% vs 91%, p < 0.0001) than nonteaching hospitals. A higher percentage of teaching hospitals were classified as small bedsize compared with nonteaching hospitals (15% vs 11%, p < 0.0001). However, a direct comparison of this category between teaching and nonteaching hospitals is difficult as the NIS has different bedsize classifications based on hospital teaching status and region (small bedsize for a Midwest teaching hospital is < 249 beds, small bedsize for a Midwest nonteaching hospital is < 74 beds).
Patient and hospitalization characteristics of those admitted in July compared with those admitted in other months are shown in Table 2 . Again, statistically signifi-cant but minor differences in these variables were observed in teaching and nonteaching hospitals. The overall health of patients, as determined by the number of diagnoses, number of chronic diagnoses, and Charlson score, was similar between teaching and nonteaching hospitals.
Incidence and Monthly Trends in Postoperative Complications
Monthly trends in patient outcomes are shown in Fig.  1 . There was a consistently higher incidence of all outcomes reported by teaching hospitals than by nonteaching hospitals. Outcomes including in-hospital mortality, discharge to long-term care facility, postoperative complication, length of stay, and total hospitalization charges are shown in Table 3 . Teaching hospitals had small but significantly higher rates of discharge to long-term care facilities (12.1% vs 11.5%, p = 0.0002) and postoperative infection (1.3% vs 1.1%, p = 0.0005) for patients admitted in July than for those admitted in other months. These incidence rates were similar in magnitude, but the differences between July and other month admissions were statistically significant, likely attributable to the large sample size of the study. In contrast, nonteaching hospitals had similar rates of in-hospital mortality, discharge to long-term care facilities, and postoperative complications between July admissions and admissions in other months. Length of stay and total charges, while statistically significant, were similar between July admissions and admissions in other months in both teaching and nonteaching hospitals. * Values represent the number of hospitalizations (%) unless otherwise specified. Median values are reported as the median (IQR). All comparisons between teaching and nonteaching hospitals were statistically significant (p < 0.05). Abbreviation: ED = emergency department. † Per patient.
Effect of Admission Month on Patient Outcome
Multivariate logistic regression analysis was performed to adjust for patient and hospitalization characteristics that were significantly different between July admissions and other month admissions for teaching and nonteaching hospitals. Unadjusted and adjusted odds ratios of in-hospital mortality, discharge to a long-term care facility, and postoperative complication for teaching and nonteaching hospitals are shown in Table 4 Tables 1-3 ). The likelihood of this complication was similar in nonteaching hospitals when comparing July and June admissions (p = 0.14).
Analysis of Higher-Risk Patients
Since our study population consisted of both healthier, low-risk patients and sicker, high-risk patients who may be more affected by errors in clinical care, a potential July effect in these sicker patients may have been masked. To account for this, the above analyses were repeated with a higher-risk subset of patients with a Charlson score of 2 or higher. This subset consisted of 173,268 patients with a similar distribution between teaching (18.3% of all cases) and nonteaching (17.4% of all cases) hospitals. The demographics, outcome incidences, and odds ratios of outcomes are shown in Appendix Tables 4-7. Patients in this higher-risk group were older; had fewer elective, routine, and transfer admissions; and had more diagnoses than the entire spinal surgery population. A higher incidence of in-hospital mortality, discharge to long-term care facility, and postoperative complications, longer length of stay, and higher total hospitalization charges was observed in 
Analysis of Elective Admissions
Our study population consisted of emergency depart- ment and transfer admissions, likely representing emergency spinal trauma cases, and elective admissions, likely representing less urgent cases. A subgroup of patients that was electively admitted (n = 712,728) was created to examine the July effect in these less urgent cases (Appendix Tables 8-10 ). Following adjustment, a similar likelihood of all complications was observed between July admissions and other month admissions at both teaching and nonteaching hospitals.
Analysis of Specific Spinal Procedures
Patients who underwent simple spine procedures (discectomy, with or without decompression, or decompression alone [n = 509,374]) or complex spinal procedures (spinal fusion with or without spinal decompression [n = 420,475]) were identified (Appendix Tables  11-16 ). A similar likelihood of all complications in July compared with those in other months was observed in , p = 0.0187) in July compared with other admission months was observed with the complex spine procedures at teaching hospitals. While these odds ratios were statistically significant, the incidence rates of discharge to a care facility (15% in July vs 13% in other months) and postoperative infection (1.0% in July vs 0.7% in other months) were similar among the July and other month cohorts. A similar likelihood of these outcomes was observed between July admissions and admissions in other months at nonteaching hospitals (p = 0.69 and p = 0.20, respectively).
Discussion
The results of this retrospective review of almost 1 million hospitalizations suggest that a minor to negligible July effect may be present in patients undergoing spinal surgery. We observed an increased likelihood of discharge to a long-term care facility and postoperative infection in July admissions compared with admissions in other months and an increased likelihood of postoperative wound dehiscence in July admissions compared with June admissions in teaching hospitals, with no similar increase observed in nonteaching hospitals. As these complications are wound related and are often under the purview of residents and fellows, this higher likelihood in July suggests the presence of a learning curve. However, while this increased incidence was statistically significant, likely because of the large sample size of our study, the magnitude of the difference was quite small. Patients who underwent a complex spinal procedure at teaching hospitals in July also had a higher likelihood of discharge to long-term care facilities and postoperative infection than those who underwent these procedures during other months, with minimal differences in the actual incidence rates of these outcomes. No differences in in-hospital mortality or other postoperative complications were observed between July admissions and admissions in other months. Furthermore, a July effect was not observed in higher-risk patients, patients who were electively admitted, or patients who underwent a simple spinal procedure. These findings suggest that the arrival of new residents and fellows in July likely has a minimal effect on periprocedural outcomes following spinal surgery.
It is surprising that a minimal July effect is observed in the overall patient cohort but is not observed in higherrisk patients. There are several possible explanations for these findings. First, the minor July effect in the overall cohort may be significant only due to the very large sample sizes in this study. The overall incidence rates of complications were similar regardless of admission month. Second, patients with Charlson scores of 2 or higher may not be representative of truly high-risk patients. Third, patients with multiple comorbidities may have received more focused and attentive care because they were higher-risk patients, and residents and fellows may have been less involved in the care of these patients. However, evidence of a July effect was also not observed in the subset of patients who were electively admitted, representing less urgent cases that may have been more likely to be monitored by residents and fellows. Conclusions based on resident or fellow involvement cannot be made, as detailed information on whether residents or fellows were involved in a spinal surgery case and the extent to which they may have been involved is not available in the NIS.
Dasenbrock et al. 9 reported the presence of a July effect in patients with metastatic spinal disease who underwent spinal surgery; however, the outcomes that were affected by admission month were different. That study reported a higher incidence of in-hospital mortality and intraoperative complications but a similar incidence of nonroutine discharge and postoperative complications in patients who were admitted to teaching hospitals in July compared with those admitted in other months. Several differences between that study and ours may explain these minor discrepancies. First, the Dasenbrock et al. study focused on a smaller subset of patients with diagnosed spinal metastases who underwent a more complex procedure and were likely sicker and more in need of urgent care than our general spinal surgery population. This subset therefore may have been more susceptible to clinical errors and poorer outcomes than our population. Although we found that higher-risk patients in our study were even less likely to be negatively affected by a July admission to a teaching hospital than the entire spinal surgery population, we cannot discount other potential differences in the patient and hospital demographics between studies. Second, the specific types of spinal surgery and outcomes that were examined were different between the studies.
The overall higher incidence of poor outcomes following spinal surgery in teaching hospitals compared with nonteaching hospitals corroborates with other studies that have shown this difference 17,22 and conflicts with studies that have shown no difference or worse outcomes in nonteaching hospitals.
19-21,28 These studies analyzed different patient populations and procedures, different time periods, different outcomes, and different hospitals, which may explain their conflicting results. Patients who underwent spinal surgery at teaching hospitals may have been sicker or were in more tenuous health states than patients who underwent procedures at nonteaching hospitals. We did not find substantial differences in the number of diagnoses or Charlson scores in patients admitted to teaching and nonteaching hospitals. Furthermore, higherrisk patients with an elevated Charlson score also showed a higher incidence of poor outcomes in teaching hospitals than patients at nonteaching hospitals. However, patients admitted to teaching hospitals were less likely to be electively admitted and more likely to be transferred. Furthermore, patients admitted to teaching hospitals may have been more likely to have other acute clinical situations not reflected in the NIS that may have contributed to poorer outcomes.
There are several potential reasons why previous July effect studies show such conflicting results. First, studies that focus on a single hospital or region will likely reflect patient demographics and clinical routines specific to that area, while studies of national data will show a much more inclusive picture. Second, a significant het-erogeneity of patients and reasons for hospitalization have been studied, including subarachnoid hemorrhage, hip fracture, cardiac surgery, and childbirth. 3, 7, 13, 20 The clinical specialties and subspecialties involved in the care of these patients undoubtedly vary in how they incorporate and supervise residents and fellows. These studies may also have had different distributions of low-risk, healthier patients and higher-risk, sicker, patients with more complications. Finally, some studies did not use a control group of nonteaching hospitals and therefore cannot conclude that any increased incidence of poor outcomes in July hospitalizations is attributable to new residents and fellows instead of seasonal variation or factors that affect both teaching and nonteaching hospitals.
16,18
Our study has several strengths. Since the NIS is the largest all-payer national inpatient database, it enables a comprehensive analysis of patterns and trends on a nationwide level, avoiding regional and practice biases potentially present in smaller, more local studies. In addition, the NIS contains detailed information regarding patient, hospitalization, and hospital characteristics that can be used to identify and minimize potential confounders that are often present in retrospective studies.
There are several limitations with this study. First, detailed information regarding residency and fellowship programs, including whether a spine program or specific spine fellowship exists, the trainee to bed ratio, amount of supervision, and how residents and fellows are incorporated specifically into postoperative care of spinal surgery patients, is not available in the NIS. Some teaching hospitals may more closely supervise new residents and fellows or limit the number of procedures residents and fellows perform during July compared with other teaching hospitals; however, this level of detail cannot be discerned. Second, the large number of hospitalizations included in this study resulted in differences between patient groups that were statistically significant, yet the magnitude of the differences was actually quite small. Third, coding inaccuracies in administrative databases including the NIS have been reported, which can affect these retrospective evaluations. 5 However, these inaccuracies are more likely to be systematic errors not specific to month of admission or hospital teaching status. Finally, while we attempted to identify and adjust for all patient and hospital variables that were significantly different between admission month and hospital teaching status, it is possible that other variables not detailed in the NIS may have affected the incidence of outcomes in this study. A prospective study of multiple teaching and nonteaching hospitals over a multiyear period would provide more evidence regarding the presence of a July effect in spinal surgery cases.
Conclusions
This study of nationwide hospitalizations over an 8-year period indicates that the influx of new residents and fellows in July has a negligible effect on periprocedural outcomes following spinal surgery.
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